Abstract-Several association studies of candidate genes for preeclampsia and essential hypertension have led to discordant results, partly because of small sample sizes. Using a large population-based sample of pregnant women, we conducted an association study of 10 polymorphisms in 9 genes and aimed (1) to validate 10 published associations with preeclampsia or essential hypertension, (2) to investigate candidate polymorphisms previously associated with preeclampsia for association with essential hypertension and similarly with polymorphisms previously associated with essential hypertension. From a prospective sample of 3391 nulliparous French Canadian pregnant women, we identified 180 cases of preeclampsia, 203 cases of essential hypertension that were matched with normotensive control subjects (nϭ310 and 357, respectively). Polymorphisms were genotyped by allele-specific PCR. Among our candidate polymorphisms, the Met allele of Thr174Met of AGT was associated with preeclampsia (Pϭ0.0033). Haplotype analysis revealed that the A-Met-Thr (G1035A-Thr174Met-Met235Thr) haplotype was associated with a 2.1-fold increased risk of preeclampsia (95% CI, 1.4 to 3.4; Pϭ0.0008). In conclusion, we observed a strong association between a specific AGT haplotype and preeclampsia in our population, without replicating previous published associations with either preeclampsia or essential hypertension. Our data support a role for AGT in genetic susceptibility to preeclampsia. 
P regnancy hypertension, including preeclampsia, gestational hypertension, and preexisting chronic essential hypertension, is the most prevalent obstetrical complication and a leading cause of maternal and perinatal death. 1 Preeclampsia is a proteinuric form of hypertension, affecting 5% to 6% of pregnant women. 2 Its underlying cause is still elusive. However, trophoblast cells have been found to fail to invade uterine spiral arteries, 3 leading to a decreased perfusion with consequent placental hypoxia. 4 Further vascular endothelial dysfunction results in systemic hypertension and proteinuria. 4 Oxidative stress has been suggested to link placental hypoxia to endothelial dysfunction. 5 Whatever the exact mechanism leading from the failure of trophoblast invasion to manifestations of preeclampsia, maternal susceptibility for development of preeclampsia must be a determinant factor, since abnormal placentation is not specific to preeclampsia. 6 Heritability has been estimated as 54% by a study in Swedish twin pairs. 7 Linkage studies conducted in families have identified several potential susceptibility loci; however, few have been confirmed. At the present time, only three distinct susceptibility loci identified on chromosome 2p13 in Icelandic families and on chromosomes 2p25 and 9p13 in Finns showed an lod score Ͼ3 in a genome-wide scan. 8, 9 Another study showed suggestive linkage on chromosome 2p in families from Australia and New Zealand. 10 Other chromosomal regions that have showed suggestive linkage include 4, 11 2q23, 8 11q23-24, 10 7q36, 12 12q, 3p, 15q, 10q, and 22q. 13 In parallel, association studies have suggested the involvement of candidate genes in susceptibility to preeclampsia, mostly related to oxidative stress, vasoactive substances, and coagulation disorders: lipoprotein lipase (LPL), 14 5-10 methylenetetrahydrofolate reductase (MTHFR), 15 glutathione-S transferase pi (GSTP1), 16 factor V (F5), 15, 17 apolipoprotein E (APOE), 18 plasminogen activator inhibitor-1 (SERPINE1), 19 microsomal epoxide hydrolase 1 (EPHX1), 20 endothelial nitric oxide synthase (NOS3), 21 angiotensinogen (AGT), 22 and tumor necrosis factor-␣ (TNF). 23 Essential hypertension is an elusive disease. Hypotheses including the renin-angiotensin-aldosterone system in relation with salt-induced hypertension, 24 the alteration of nitric oxide metabolism, 25 the impact of oxidative stress on endothelial dysfunction, and vascular smooth muscle cell hypertrophy 26, 27 have been investigated, but none of these could fully explain the pathophysiology of essential hypertension. The genetic susceptibility to essential hypertension has been extensively investigated in samples of individuals of older age (mostly men Ͼ40 years old). It is commonly accepted that heritability of blood pressure ranges from Ϸ30% to 50%. 28 Many genes have been associated with essential hypertension. Some of these include angiotensinogen (AGT), 29 angiotensin-converting enzyme (ACE), 30 angiotensin II type I receptor (AGTR1), 31 transforming growth factor ␤-1 (TGFB1), 32 endothelial nitric oxide synthase (NOS3), 33 and G-protein ␤3 subunit (GNB3). 34 To our knowledge, no study has so far investigated the genetic susceptibility to essential hypertension in young pregnant women, also termed chronic essential hypertension. Although these two hypertensive disorders are treated as distinct entities, there is some evidence suggesting that genetic susceptibility of these two conditions might be related. Noteworthy, the gene AGT has been associated with both preeclampsia and essential hypertension. 22, 29 Moreover, it is known that women with blood pressure levels in the normal upper range are more at risk for development of preeclampsia 35 and that Ϸ25% of pregnant women with preexisting chronic essential hypertension will have superimposed preeclampsia. 2 Besides the consideration that preeclampsia and essential hypertension might be genetically linked, a major concern in genetic susceptibility lies in the many discrepancies between genetic association studies, in part caused by small sample sizes. A recent meta-analysis on 25 genetic associations emphasized the importance of replication of published association to assess their validity. 36 False-positive studies are abundant in the literature; thus, a given association should be considered as tentative until it has been independently replicated by well-powered studies. Moreover, these authors highlighted that in order to minimize publication bias, every association that meets minimal quality standards should be published. 36 Their proposed standards include explicit phenotype definition, exhaustive listing of all phenotypes analyzed, precise location of polymorphisms, low genotyping error rate, analysis avoiding overlap with previous studies, and availability of genotype count for cases and control subjects.
Using a large, population-based sample of young, pregnant women, we conducted an association study of 10 polymorphisms in 9 genes and aimed (1) to validate 10 published associations with preeclampsia or essential hypertension and (2) to investigate candidate polymorphisms previously associated with preeclampsia for association with essential hypertension and similarly with polymorphisms previously associated with essential hypertension.
Methods

Population Studied and Study Design
Between 1996 and 2000, 3391 nulliparas were prospectively investigated for development of hypertensive disorder at St-François d'Assise hospital in Quebec City, a tertiary perinatal center. Most of these pregnant women were white (98%), and 93% were of FrenchCanadian descent according to a recent census. 37 Patients of other ethnic groups were excluded before the beginning of study, based on maternal birth name.
Whole blood samples were collected after delivery and after routine blood analysis; leftovers were stored at Ϫ20°C before DNA purification. The diagnosis of preeclampsia and chronic essential hypertension used criteria established by the Canadian Hypertension Society. 38 Briefly, preeclampsia was defined as the occurrence of a diastolic blood pressure Ն90 mm Hg (phase 5 Korotkoff sound) after 20 weeks of gestation (2 measurements at least 4 hours apart), with proteinuria of Ն0.3 g/L in a 24-hour urine collection or Ն1ϩ, using Albustix on random urine analysis, and return to normal blood pressure ranges without proteinuria 6 weeks after delivery. The term "preeclampsia without any complications" was used to identify women who did not satisfy criteria for severe preeclampsia. Severe preeclampsia included any of the following: eclampsia, proteinuria Ͼ3 g/L, diastolic blood pressure Ն110 mm Hg, HELLP syndrome (hemolysis, elevated liver enzymes, and low platelet count), elevated liver enzymes, intrauterine growth restriction, thrombocytopenia, pulmonary edema, oliguria (Ͻ500 mL/24 h), oligohydramnios, and absent or reversed umbilical artery end-diastolic blood flow by Doppler velocimetry. HELLP syndrome was characterized by hemolysis, platelet count Ͻ100ϫ10 9 /L, and elevated liver enzymes (Ͼ42 U/L AST, Ͼ63 U/L ALT). Eclampsia was confirmed by seizures complicating preeclampsia. Pregnancies with only gestational hypertension without proteinuria were excluded. Preexisting chronic essential hypertension was defined as 2 measurements, at least 4 hours apart, of a diastolic blood pressure Ն90 mm Hg (phase 5 Korotkoff sound) reported before pregnancy or Ͻ20 weeks of gestational age and persisting 6 weeks after delivery without proteinuria. Blood pressure measurements were taken with a standard mercury sphygmomanometer, with the patient seated, by a nurse trained for blood pressure measurement with cuff size covering at least two thirds of the arm. Proteinuria was evaluated in a 24-hour urine collection or by using Albustix (Ն1ϩ) on random urine analysis. Most chronic hypertensive pregnancies displayed mild to moderate hypertension without medication and without target organ complication. Multiple pregnancies, preexisting secondary hypertension, and preexisting hypertension with superimposed preeclampsia were excluded from the present study.
Cases diagnosed with preeclampsia and chronic essential hypertension were compared with matched normotensive nulliparous control subjects. Matching variables included maternal age Ϯ5 years, gestational age at delivery Ϯ1 week, body mass index (kg/m 2 , Ͻ20, 20 to 24, 25 to 27, and Ͼ27), and month of the year at delivery. Each case was matched with 2 control subjects when possible. Diagnosis was ascertained by one investigator. This project was approved by the institutional ethics committee, and participants provided written informed consent.
DNA Purification and Genotype Analysis
Genomic DNA was isolated from 250 L of whole blood, with the use of a QIAamp 96 DNA blood kit (Qiagen), according to the manufacturer's instructions. Purified DNA (concentration of Ϸ25 ng/L) was stored at Ϫ20°C. At the time of genotype analysis, a 50-L aliquot was diluted (Tris 10 mmol/L and EDTA 0.05 mmol/L) in 96-well plates (Axygen), with a final concentration of 5 ng/L, and kept at 4°C. DNA from cases and control subjects, either for preeclampsia or chronic essential hypertension, were represented in each DNA plate with respect to their relative proportions to minimize the effect of potential genotyping errors on the results.
All polymorphisms were analyzed by means of allele-specific PCR 39 except for ACE insertion/deletion polymorphism, which was done by PCR. Conditions and primers for each polymorphism can be found in the expanded methods (please see Table I and text in an online supplement available at http://www.hypertensionaha.org.). PCR products were visualized on a 1.5% agarose gel through the use of ethium bromide staining. Alternatively, products were quantified by adding Sybr Green I (Molecular Probes) to each reaction tube, then fluorescence was detected with a Fluoroskan Ascent (MTX Laboratory Systems), as shown in the online supplement ( Figure I in an online supplement available at http://www.hypertensionaha.org.). Until now, with the use of this method, duplicate analysis of 5000 genotypes from 15 different SNP assays showed an average reproducibility of 99.7% and an average rate of data rejection Ͻ1%.
For all polymorphisms, genotypes were interpreted independently by two readers blinded to the clinical outcome of the samples. Concordance of results between readers ranged from 98.6% to 99.9%. Discrepant genotypes were reanalyzed by allele-specific PCR and reinterpreted by two readers. Genotypes that still differed were excluded from the study.
Statistical Analysis
For each marker studied, Hardy-Weinberg equilibrium was tested in cases and control subjects separately, by means of 2 analysis. Polymorphisms that differed significantly from Hardy-Weinberg assumptions in both cases and control subjects were excluded from the study. Medline was searched for initial positive studies reporting associations between polymorphisms and preeclampsia or essential hypertension. Selected published associations were tested for replication by standard 2 tests (␣ϭ0.05), with respect to the genotype or the allele associated in the initial positive study. In addition, genotypes or alleles associated with preeclampsia were tested for potential association with chronic essential hypertension in pregnant women by means of 2 analysis (␣ϭ0.05) and similarly for polymorphisms associated with essential hypertension.
Estimation of haplotype frequencies, in cases and control subjects separately, was performed by means of the EHϩ program (http:// www.iop.kcl.ac.uk/IoP/Departments/PsychMed/GEpiBSt/software. stm), which uses an expectation-maximization algorithm. 40 To assess difference in the distribution of AGT haplotypes between cases and control subjects, odds ratios were first calculated for each haplotype. Then, to evaluate the overall association, a post hoc analysis was performed by grouping all haplotypes for which the odds ratio did not differ significantly from 1 and testing them against the associated haplotype (␣ϭ0.01 instead of 0.05, to increase stringency of the analysis). All statistical analyses were performed with the SAS statistical package, version 8 (SAS Institute Inc, 1999).
Results
Sample Characteristics
Among 3391 nulliparas, 180 women (5,3%) were diagnosed with preeclampsia (PE) and 203 (5.9%) with chronic essential hypertension (CHT). Preeclamptic women without any other complications accounted for 38% of all cases, whereas 14% had HELLP syndrome, 3% had eclampsia, and 45% had severe preeclampsia (excluding HEELP and eclampsia). Sample characteristics are shown in Table 1 .
All polymorphisms were in Hardy-Weinberg equilibrium in either cases or control subjects. However, among the control subjects matched to chronic essential hypertension cases, the GSTP1 gene Ile105Val SNP differed significantly from expectation ( 2 ϭ6.2, dfϭ1, Pϭ0.013), but this was not the case among preeclampsia cases. Also, APOB (Thr2488Thr) genotypes departed slightly from Hardy-Weinberg equilibrium ( 2 ϭ4.15, dfϭ1, Pϭ0.042) in preeclampsia cases. Since these two polymorphisms did not differ from Hardy-Weinberg assumptions in both cases and control subjects, they were included in the study. Genotype and allele frequencies of studied polymorphisms for control subjects and cases are shown in Tables II and  III in the online supplement available at http://www.hypertensionaha.org.
Validation of Published Associations
Five selected published associations between polymorphisms and essential hypertension (see Methods) were tested for validation in our sample of women with chronic essential hypertension (Table 2) . Also, five published associations of polymorphisms with preeclampsia were tested for replication in our preeclamptic sample (Table 3) . No published association with essential hypertension or preeclampsia was replicated with the use of a significance level of ␣ϭ0.05. However, association with the Thr allele of the polymorphism Met235Thr of the AGT gene was significant in a subset of preeclampsia cases (ie, HELLP syndrome). An increased risk of 2.1-fold (95% CI, 1.2 to 3.9; Pϭ0.015) was observed. Estimates of odds ratios that could be detected in our sample of preeclamptic women with a power of 0.8, for genotype and allele frequencies in control subjects ranging from 0.03 to 0.5, varied from 2.9 to 1.6 and 2.2 to 1.4, respectively. For genotype or allele frequencies of 0.5 up to 0.95, estimates of detectable odds ratios increased from 1.6 to 4.33 for genotypes and from 1.4 to 2.6 for alleles. Slightly smaller but similar odds ratio values were observed with our sample of women with chronic essential hypertension. 
Data are presented as meanϮSD or percentages, as indicated. BMI indicates body mass index; Max SBP, maximal systolic blood pressure during pregnancy; and Max DBP, maximal diastolic blood pressure during pregnancy.
*All cases and controls were nulliparas. †Excluding HELLP syndrome and eclampsia cases. ‡PϽ0.0001 between cases and controls.
Association Study of Candidate Genes
Polymorphisms/genes associated with preeclampsia in published studies were treated as candidates for chronic essential hypertension. Using the same genotypes or alleles that showed significant associations with preeclampsia in published studies, we investigated potential association with chronic essential hypertension (Table 2) . Similarly, polymorphisms and genes previously associated with essential hypertension were tested for association with preeclampsia (Table 3) . Although not associated previously with PE or CHT, an APOB polymorphism (Thr2488Thr, CϾT) was added to the list of candidate polymorphisms for both diseases. The rationale for testing this polymorphism for PE consists in its association with serum level of LDL and apolipoprotein B 41, 42 and the link between preeclampsia and increased serum concentration of small dense LDL. 4 For chronic essential hypertension, the rationale was based on the fact that an association of another polymorphism of APOB with blood pressure was reported previously. 43 Using a significance level of ␣ϭ0.05, no significant association was observed in the CHT group with genes APOB, F5, GSTP1, MTHFR, TNF, nor in the PE group with genes ACE, AGTR1, APOB, and TGFB1. However, the Met allele of Thr174Met of the AGT gene conferred a 2-fold increase in the risk of preeclampsia, and this has not been reported before, to our knowledge (Table 3) . To refine the AGT allele associated with preeclampsia, analysis of AGT haplotypes was performed. Based on a recent study of AGT in whites and Upper part of table compares published associations, between the polymorphisms studied and essential hypertension in nonpregnant individuals (left side of the table) with the validation results from the present study in pregnant women (right side of the table). Published studies were selected on the basis of the initial positive report for a given polymorphism. References for these studies are given. The lower part summarizes results from association analyses between candidate genes and chronic essential hypertension that were not previously reported. Chi squared probability estimate for the odds ratio (P) is mentioned.
Japanese subjects, 44 3 polymorphisms were selected (G1035A-Thr174Met-Met235Thr) to characterize the at-risk haplotype. Four major haplotypes (Ն5%) were observed in our French Canadian population. The AGT A-Met-Thr haplotype was observed in 13.6% among case chromosomes compared with 6.9% in control subjects (Pϭ0.0008). This haplotype was associated with a 2.1-increased (1.4 to 3.4) risk of preeclampsia.
Discussion
Our study attempted to take into account some issues that could lead to lack of replication between studies. First, a large sample ensured replication with a power Ͼ0.8 for all but 2 tested associations. Second, the phenotypes were determined by an experienced obstetrician using established criteria. 38 This process has been used since 1987 in the perinatal research unit in the course of other cohort studies, and no significant discrepancy occurred when compared with clinical assessment by 2 clinicians. 45, 46 Third, our study was conducted in nulliparous women, a clinically more homogenous population of cases of preeclampsia. Fourth, matching of cases and control subjects for several known risk factors of preeclampsia and/or essential hypertension minimized the influence of confounding factors. Fifth, genetic admixture, The upper part compares published associations between the polymorphisms studied and preeclampsia (left side of the table) with the validation results from the present study (right side of the table). Published studies were selected on the basis of the initial positive report for a given polymorphism, unless specified otherwise. References for published studies are given. The lower part summarizes results from association analyses between candidate genes and preeclampsia that were not previously reported. Chi squared probability estimate for the odds ratio (P) is mentioned. †White cases only; Japanese patients in this study were not included. In addition, pregnancy-induced hypertension cases were not included with controls even if they showed similar frequency of T235 allele. ‡This reference was chosen over Reference 59, published at the same month and year, because the study population was white and the study included more cases. §Pregnant and nonpregnant control subjects were pooled because both had allele frequency significantly lower than subjects with preeclampsia.
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which could artifactually cause apparent disease associations, was minimized because the population studied in the present project was composed of 98% whites and 93% French Canadians, according to a recent census. 37 Moreover, we tested PE and CHT cases and control subjects separately for possible admixture with 9 unlinked polymorphisms by the method of Pritchard. 47 This analysis revealed that the probabilities of only one subpopulation for PE cases and control subjects and CHT cases and control subjects were of 0.99586, 0.99590, 0.97064, and 1.0000, respectively. Prevalence of chronic hypertension in our sample was estimated to be 6%. Chronic hypertension has been estimated to complicate 1% to 5% of pregnancies. 48 Based on data from the National Health and Nutrition Examination Survey (1988 to 1991), prevalence among women between 18 and 29 years of age was estimated to be 0.6% to 2.0%, and it rises to 4.6% to 22.3% for women 30 to 39 years of age. 49 Approximately 77% of women in our sample were younger than 30 years old, and the prevalence in this group of age was 5%, compared with 9% for women older than 30 years of age. The higher prevalence of chronic hypertension in the present sample might be explained by the fact that high-risk pregnancies in the eastern part of the province of Quebec were referred to our tertiary perinatal center.
Genotypes of Ile105Val of GSTP1 in CHT control subjects were not in Hardy-Weinberg equilibrium, nor were the genotypes of preeclampsia cases for SNP Thr2488Thr of APOB. This might be caused by sample bias, genotyping errors (not likely, given that Hardy-Weinberg equilibrium was observed in other groups with the same genotyping assay used and that all cases and control subjects were genotyped together), or alternatively, by small variations of genotypeassociated disease risks. Further increase in sample size may permit identification of the at-risk genotypes, and this finding remains to be confirmed in an independent sample.
Validation of Published Associations
In this sample of young women, none of the tested associations previously reported was replicated neither for chronic essential hypertension nor for preeclampsia, although study of a subset of cases (HELLP syndrome) led to observation of a significantly increased risk for the Thr allele of Met235Thr. However, only 25 cases of HELLP syndrome were available for analysis. Noteworthy, our analyses showed adequate statistical power, as we had at least 0.8 power to detect odds ratios of studies that initially reported these associations, except for MTHFR and F5, which were, respectively, 0.75 and 0.52. However, for MTHFR, our sample was larger than that of initial study by 2-fold, and it was of similar size compared with the sample of the initial positive study of F5. Previous involvement of some genes in genetic susceptibility to PE or CHT may be attributed to small sample size. Association with these polymorphisms may still be present in the French Canadian population, but with a smaller relative risk than reported by previous studies in other populations. 50 In addition, one may expect differences in the extent of linkage disequilibrium blocks between populations, and this could lead to a lower probability to replicate associations. In other words, if the initial study genotyped a polymorphism that is in linkage disequilibrium with the DNA variation truly responsible for the genetic susceptibility, then a decrease of linkage disequilibrium between these two polymorphisms in another population would prevent detection of the association. However, since published associations were reported in whites, and since linkage disequilibrium does not seem to vary substantially among white populations, 51 it seems unlikely to explain our findings. However, variations in environmental factors between populations, such as salt intake, could have an effect on the expression of the susceptibility conferred by a particular genotype.
For chronic essential hypertension, since the present sample consists exclusively of women as opposed to variable proportions of men and women of other studies, gender could be part of the explanation for the nonreplication of published results. It is well known that men are more prone than women to have hypertension, and this might be due either to environmental and/or genetic influences. Furthermore, a study of ACE has shown an association with hypertension in men but not in women. 52 Another explanation may be that hypertension has been studied mostly in adults older than reproductive age, whereas this study focused on younger women. These two groups are different in terms of time of disease onset. Consequently, different genetic susceptibility factors may explain early and late onset hypertension. However, a study investigating the polymorphism Met235Thr of AGT reported an association with essential hypertension in early-onset cases defined as Ͻ50 years old. 53 For preeclampsia, phenotype heterogeneity of the disease may have lowered our power to replicate previous studies. Inclusion in some studies of recurrent preeclampsia, pregnancy-induced hypertension without proteinuria, preeclampsia superimposed over chronic hypertension of various proportions of HELLP syndrome cases, and severe preeclampsia might have contributed to discrepancies between association studies. These subphenotypes differ in the evolution of the disease, 1,54 which may involve different susceptibility genes, at least partly.
Association Study of Candidate Genes
We report the association of the polymorphism Thr174Met of the AGT gene with preeclampsia. We identified the frequent at-risk haplotype A-Met-Thr in our French Canadian population, but the use of the haplotypes did not bring much more information than the polymorphism Thr174Met alone, since this one is exclusively present on the identified at-risk haplotype in the studied population. Even if we applied a Bonferroni correction for the number of candidate polymorphisms tested for PE (5 polymorphisms, Pϭ0.01), the association remains significant. Previous studies that linked the AGT gene to increased risk of preeclampsia reported an increased frequency of the Thr allele of the SNP Met235Thr, 22 which was not replicated in the present study. Moreover, we observed the Thr allele of Met235Thr on 2 other major haplotypes in addition to the at-risk haplotype A-Met-Thr. Thus, polymorphism Met235Thr does not appear to account for association of Thr174Met with preeclampsia, and Thr174Met appears to explain the association with AGT in our population. This could evoke the involvement of multiple AGT susceptibility haplotypes to preeclampsia, which expression in a given population depends on interactions with other genes and environmental factors. However, a single variant might explain the association with different polymorphisms, since in other populations, different polymorphisms of AGT may show significance, depending on the population structure and history. In that view, study of haplotypes should prove useful for a more comprehensive analysis of association results. Until the functional variant in AGT gene responsible for genetic susceptibility to preeclampsia is proven, all of the seemingly conflicting studies with different AGT polymorphisms may in fact replicate each other. Thus, our finding might be better viewed as a further supporting evidence for involvement of AGT in the susceptibility to preeclampsia. Actually, there is no functional data supporting Thr174Met as the AGT polymorphism responsible for susceptibility to preeclampsia. Moreover, the effect of a change of a threonine for a methionine at codon 174 of the AGT gene still remains to be established. However, the C allele of polymorphism A-20C is associated with an increase in plasma angiotensinogen levels 55 and was shown to be almost exclusively associated with the at-risk haplotype identified in this study (data not shown). 44 Therefore, A-20C could be a good candidate for the functional variant responsible for the association with preeclampsia. Interestingly, there is evidence of a local renin-angiotensin system near the uterine spiral arteries and that decidual cells, usually surrounding these arteries, express renin and angiotensinogen. 56, 57 It could be speculated that expression of higher concentrations of angiotensinogen in decidual cells of women with the A-Met-Thr haplotype would lead to more pronounced vasoconstriction of spiral arteries and consequently to a higher risk of placenta hypoxemia. However, this will require a failure of invasion by trophoblasts of spiral arteries, which leaves the arteries responsive to angiotensin II. But, as it is known that not every woman with failure of trophoblastic invasion will have preeclampsia, the AGT haplotype might predispose women with this abnormality to more severe placental hypoxemia and thus higher risk of preeclampsia. Alternatively, the A-Met-Thr haplotype might be associated with abnormality of spiral arteries, as previously suggested for allele Thr235. 58 
Perspectives
Our study was unable to reproduce, in our population, previous findings of 10 associations with preeclampsia or essential hypertension, although it possesses adequate statistical power. This should emphasize the need for replication studies of sufficient statistical power. However, we report an association between haplotype A-Met-Thr (G1035A-Thr174Met-Met235Thr) of the AGT gene and preeclampsia. Consistently with other studies associating AGT polymorphisms with preeclampsia, our results support a role for AGT in the genetic susceptibility to preeclampsia. Further identification of linkage disequilibrium blocks around these polymorphisms should be performed in an effort to delimit sequences and genes containing the functional variant responsible for increased risk of preeclampsia.
